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5 S PreS6nt ' nVenti0n relat6S t0 8 meth ° d ° f tfeatin9 PatiSntS 8t ri3k ° f developin 9 «therosclero 8 ls or reste- 

HS, «fIh°T rt ! 0Ula,,y \ th f 'l Ventl ° n r8lateS t0 tr ° atm8nt ° f these P atients wi,h a low dose tool solution to prevent 
or reduce the development of atherosclerosis or restenosis. H 

Background of the Invention 

E inT^.U tcf ? iS , he ,8adi " 9 031,80 ° f death and disabi,ity in the devel °P ed world . Particularly afflicting the 
a S in f mmio^r T ^r 8 " 1 * ncoura 9 in 9 decli "-. cardiovascular disease is still response for 
almost one milHon fatalrties each year and more than one half of all deaths; almost 5 million persons afflicted with 

[0004] Atherosclerosis Is the most common form of vascular disease and leads to insufficient blood supply to critical 
£Z irT S * reS ?' n9in , heartattaCk ' Str ° ke ' and ™°*y™™ atherosclerosis ca see 

chTn SIS?.' T, h h ypertension and diab6tes - as tobacco smokers. Atherosclerosis is a fomTof 

chrome vascular mjury In which some of the normal vascular smooth muscle cells ("VSMC") in the artery wall which 

VsS y e Z tr ° l H VaSCUla ; b,00d flow . cha "9* 'heir nature and develop "canU-like^ EKrNSE 

iSSSTSS iSt T secreting substances (growth factors, tissue-degradation enzymes and other 
proteins) which enable them to invade and spread into the inner vessel lining, blocking blood flow and makina that 

- se^^byZ^r 6 ^ 16 * "** """"^ b '° Cked * *" ^ ^ ^ *^ZSX£ 
[0005] Restenosis, the recurrence of stenosis or artery stricture after corrective surgery, Is an accelerated form of 
atherosclerosis Recent evidence has supported a unifying hypothesis of vascular injury In which coronary artery res- 

TZ ! h? ,T nary Vei " 9faft 3nd Cardia ° al,0graft atherosclerosis can be considered to represent a much 
accelerated fonrn of the same pathogenic process that results in spontaneous atherosclerosis (Ip, J.H., et al., (1 990) 
J Am Coll Cardiol, 15:1667-1687; Muller, D.W.M., et al., (1992) J Am Coll Cardiol . 19:418^32) Restenoses due to 
,n^T P t ! S ? flbro P/° ,ifarative responses to vascular Injur/ Involving potent growth-regulatory molecules, Includ- 
ing platele der Jed growth factor (PDGF) and basic fibroblast growth factor (bFGF), also common to the lata; stages 
n^ e er0S = ? ' re8Ultin9 invascu| aremooth muscle cell proliferation, migration and neointimal accumulation. 

SrtiriTZ SJ! T' C ° ronar )' *»Wry (CAB), endarterectomy, and heart transplantation, 

and Particularly after heart balloon angioplasty, atherectomy, laser ablation or endovascular stentlng (in each of which 
one-third of patients redevelop arteryblockage (restenosis) by 6 months), and is responsible forrecurrenceof symptoms 
(or death) often requiring repeat revascularization surgery. Despite over a decade of research and significant improve- 
ments in the primary success rate of the various medical and surgical treatments of atherosclerotic disease, including 
angioplasty bypass grafting and endarterectomy, secondary failure due to late restenosis continues to occur in 30-50% 
of patients (Ross, R. (1 993) Nature, 362:801 -809). 

[0007] As a result, a need exists for a successful chemotherapeutlc therapy to reduce or prevent arteryblockage 
The most effective way to prevent this disease Is at the cellular level, as opposed to repeated revascularization surgery 
patient 08 " * 6i9nificanl risk ° f com P |lcati ° ns °r death, consumes time and money, and is inconvenient to the 

X 8J _ Mlcrotub,,te «. cellular organelles present In all eukaryotic cells, are required for healthy, normal cellular ac- 
trvrtles. They are an essential component of the mitotic spindle needed for cell division, and are required for maintaining 
cell shape and other cellular actMtles such as motility, anchorage, transport between cellular organelles, extracellular 
secretary processes (DusUn. P. (1 980) ScLAm, 243: 66-76), as well as modulating the interactions of growth factoi 
wfth cell surface receptors, and intracellular signal transduction. Furthermore, microtubules play a critical regulatory 
Zi.? .7 ?! T Z b °! h l he — ° nC09ene and CDC - 2kin ase, which regulate entry into mitosis, bind to and 
phosphorate tubulin (Verde, F. et al. (1990) Nature, 343:233-238), and both the product of the turned suppressor 
gene, p53^ and ■ the T-antlgen of SV-40 bind tubulin in a ternary complex (Maxwell, S.A. et al. (1991) Cell Gro wth 
^St* VI u ?: Mk * 0tubule A 8 are not 8tatic ' bu1 are in dynamic equilibrium wfth their soluble protein subunits,the 
a- and 6 -tubulin heterodimers. Assembly under physiologic conditions requires guanoslne triphosphate (GTP) and 
certain microtubule associated and organizing proteins as cofactors; on the other hand, high calcium and cold tem- 
perature cause depolymerizatlon. WBWn 
[0009] Interference with this normal equilibrium between the microtubule and its subunfts would therefore be exDeci- 
ed to dterupt cell division and motility, as well as other activities dependent on microtubules. This strategy has been 



30 



35 



40 



45 



50 



55 



2 



EP1 118 325 A2 



25 



30 



35 



40 



45 



50 



55 



, n0S ' S u Pr0Vided • Wh ' Ch COmprlses treatment wlth a therapeutically effective amount of a at- 
crctubulestabH-zi^ 

ZZTT SUffiC Jl nt t0 pr6Vent ° r redUCe ,he d6Vel °P™t of atherosclerosis or restenosis 9 

EL in^T'lt 0 „, Pr0Vid6S f" effective wa V <* P^enting or reducing the development of atherosclerosis or res- 

uzTZ rZZ T T°T b 1 t0 SUCH dlS6aSe - M ™°™^ t"*™* of the low dose of chemotherapeutlc aglm 
used, the chance of a patient developing adverse reactions Is potentially reduced. 



BRIEF DESCRIPTION OF FIGURES 



membrane proteins, and taxol Inhibition of cultured VSMC pH] -thymidine Incorporation Basement 
[0022] FIGU IRE 2 shows taxol inhibition of smooth muscle cell neointimal accumulation after balloon catheter injury 
or tne rat carotid artery. I J 7 

is S„?; E 3 d ! P, ^ deUterium 0Xlde dose - d ^endent inhibition of VSMC chemoinvasion, and deuterium oxide 
'5 inhibition of cultured VSMC bromodeoxyuridine (BrDU) incorporation. 

on 0 pSst!c FIGURE * Sh0WS C ° nCentrations of 13X01 caused dose-dependent Microtubule bundling in VSMC's cultured 
[0025J FIGURE 5 shows deuterium oxide induced microtubule bundling in cultured VSCM's. 
20 DETAILED DESCRIPTION OF THE INVENTION 

[0026] The practice of an embodiment in the present invention may be accomplished via several alternative drug 
delivery routes, such as intraperitoneal or subcutaneous injection, continuous intravenous infusion, oral ingestion or 
local (direct) delivery, or a combination of two or more. When formulating a solution for injection or continuous infusion 
one must first prepare a taxol solution. Taxol is supplied through CTEP, DCJ. NCI (IND#22850) as a concentrated 
solution, 6 mg/ml, In 5 ml vials (30 mg/vial) In a polyoxyethylated castor oil (premophor EL®) 50% and dehydrated 
alcohol, USP (50%) vehicle. The intact vials should be stored under refrigeratibn and diluted prior to use When diluted 
in either 5% Dextrose Injection or 0.9% Sodium Chloride, taxol concentrations of 0.3-1.2 mg/ml are physically and 
chemically stable for at least 1 2 hours at room temperature. (NCI Investigatidn Drugs; Pharmaceutical Data (1 990)) 
It has also been demonstrated that taxol concentrations of 0.6 mg/ml diluted in either D5W or NS and 1 .2 mg/ml diluted 
in NS prepared In polyolefln containers are stable for at least 25 hours at ambient temperatures (20-23"C) (Waugh 
et aL < 199 °) Am. J. Hosp. Pharm. 48, 1520). Although these concentration^ have exhibited stability for the above 
penods of time, they are not meant to limit the practice of the present invention 'wherein any concentration of taxol mav 
be utilized. | ' 

[0027] All solutions of taxol exhibit a slight haziness directly proportional to the concentrations of drug and time 
elapsed after preparation. Formulation of a small number of fibers in the solutlpn (within acceptable limits established 
by the USP Particulate Matter Test for LVP's) has been observed after preparation of taxol Infusion solutions. While 
particulate formation does not indicate loss of drug potency, solutions exhibiting excessive particulate matter formation 
should not be used. Therefore, when administering via continuous infusion, in-line filtration may be necessary and can 
be accomplished by incorporating a hydrophilic, microporous filter with a pore size no greater than 0.22 microns (IVEX- 
HP In Line Filter Set-SL, 15", Abbott model # 4525 or equivalent) Into the fluid pathway distal to an infusion pump 
[0028] Taxol must be prepared in non-plasticlzed solution containers (e.g., rjlass, polyolefln, or polypropylene) due 
to leaching of dl ethyl hexylphthlalate (DEHP) plasticizer from polyvinyl chloride (PVC) bags and intravenous tubing 
Taxol must not be administered through PVC intravenous or Injection sets. Therefore, polyolefln- or polyethylene-line 
sets, such as IV nitroglycerin sets (or equivalent) should be used to connect ! the bottle or bag (containing the taxol 
solution for a continuous infusion) to the IV pump, a 0.22 micron filter is then attached to the IV set, and then may be 
directly attached to the patient 1 s central access device If necessary, a polyolefin-illne extension set (Polyfln T '" Extension 
Set, MlniMed Technologies, Model #126) can be used to provide additional distance between the IV pump and the 
patient's central access device. 

[0029] Onecategoryoftaxolusewouldencompassthepreventionofrecurrentstenosis(restenosis)posttherapeutic 
coronary- or penpheral-artery angioplasty or atherectomy, after coronary bypass graft or stent surgery, or after periph- 
eral vascular surgery (e.g. , carotid or other peripheral vessel endarterectomy, vascular bypass, stent or prosthetic graft 
procedure). A human dosing schedule can consist of (but not be limited to) 24-hour continuous IV pretreatment with 
up to about 0.5-2 mg/kg (20-80 mg/mZ) prior to the vascular procedure, about 0:25-2 mg/kg (1 0-80 mg/m2) continuous 
IV infusion over the 24 hours post-procedure, then about 0.25- 2 mg/kg (10-80 hg/m*) continuous IV infusion over 24 
hours every 21 days for 1 to 6 cycles. Such a dosage Is significantly lower than that used to treat human cancers 
(approximately 4-6 mg/kg). 

[0030] Anothercategory of taxol use would encompass the primary prevention; orthe attenuation , of vascular disease 
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KIT 0 " 1 ? d r?? Pm6 ? t C8rtaln ° f these "PPllcatlons (examples of. which Include the prevention of cardiac 

hydramino 50 mg V and cimetidine 300 mg IV 30 min prior to taxol, to minimize potential SS -" 
^d .onalapphcatlonsthatmaynotD 

dysplasia, pctyartentis nodosa, and Takayasu's arteritis. Each of the aforementioned applications ma aE™ w£ 
g « ^ 

agent) which would enable high dosage local drug delivery with little systemic toxicity. 

P>031] Additionally, water soluble derivatives of taxol can also be used in the present Invention The water soluble 
derivatives of taxol as described in U.S. Pat. No. 5.157,049 to Haugwitz, et a. (inco^orated her^n bT t erenc2 
Include but ere not limited to, 2^uccinyltaxol; 2^succinyl-taxol triethanolamirie; 2'-glutaJl taxol; 2'-gb ZX££S£. 
^SZS^V^ T ^^^^y') 9'utamide; e-O-ester wfth^Tmeth^S^te 

< , ^! W u at8r S ° IUble 18X01 derivatives ca " "e administered in a dosage schedule analogous to Tat 
mn£ i 1° T ! hG aPProprtate modlflcat| o" s Peking clarification of the pharmacokinetics ,Z IT 

harmacautlcalcomposltion comprising an effective amount of water soluble derivative of taxol a anSe 

PrePar9d *i ProCSdUreS We " kn ° Wn in "» art ' wrth Pn^aceu^cally acceptable no n-Sxic 

sterile carriers ,f necessary. Such preparations could be administered orally or in injectable form, or directly to an 

lit diseas'e ' ^ " ** * " ftWn atheroscleras * "> P^nt or reduce the Sopmen, 

ESS „^ "; o i ,lowin ? examples illustrate the effectiveness of ta^ol (or other microtubule-stabilizing agents including 

l s l I . h * denVatlVeS ° f taX °° h lnhibiting ^ P«'»n and migration of vascular smooth 

muscle cells, and should not be used to limit the scope of the present invention. 

Example 1 

Ec^miS 2 ab,,i,y ? ed VSMCS ' Pr0treated With different Concentrations, to invade filters coated 
wrth reconstituted basementmembraneproteins was testedto evaluate how taxol-induced microtubule bundling would 
impair cell processes necessary for in vivo neointimal fomiatlon 

S3 «™ U ?tH Sm ? th ^"f 6 , 06 " 8 ( VSMCs ) were lso '^ by collagenase/elastase enzymatic digestion of the 
medial ayers of the rat aorta obtained from 6 month old Wistar rats. The cells were maintained in culture with 10% 

nSc, IT™! ? 9lUC0S8 ° MEM ' a " d amlno acid su PP |e ™nt. Cell cultures were maintained at 37»C in 5% CO , 
I Tnn 8 - h0Ur ! aX01 P re -^atment in culture, cells were fixed in 3.7% formalin, permeabilized with 1 % Triton 

X-100, and polymerized tubulin was labelled with mouse anti-p-tubulin antibody (SMI 62 monoclonal antibody to po- 
lymerized p-tubulln, Paragon Blotec, Inc., Baltimore, MD). Secondary labelling was achieved with sllverenhanced 1 
nm gold-conjugated rabbit anti-mouse antibody (Goldmaric Blologlcals, Philllpsburg, NJ). Representative light photom- 

rnn, 9 -^ ^ r ° m l) (B) 0,1 " M taXo1, (C) 1 nM taxo1 ' md < D > 1 0 nM toxdl VSMCs are shown in Figure 4 

?S5r Chemomvaston (Boyden chamber) assays were performed using modified Boyden chamber (Albini, et al! 
!, S Je^tSt^ 47:3239 - 3 2«), comprising an upper chamber separated from a lower chamber by a porous PVPF 
!S :H,Z1 I , T T dl 7f ter ' Nuc,eo P° re FU,era ' P'eesonton, CA) Were coated and air dried consecutive* 

SSLESJT TT 9 , T Kfl * Pe ' 00lla9en • 5 ttg/m ' ,ibr0neCt,n ' 6 W> *»"«««** besement membrane 
tha f n 9 ,eb ^b-Holm-Swarm tumor (Kleinman, et al. (1986) Biochemistry. 25:312-318), producing a 
° 7 «* «**9 of matrix material. Boyden chambers were assembled by adding 10 ng/ml PDGF BB 
'nDMEMtothe lower (chm^ 

J Ware he " add f d t0 ,he u PP er chamber - Some of the cells used in this assays were pretreated 1 B hours with taxol 
(concentration 30 pM to 100 nM) In culture. In the taxol-treated groups, taxol was added to the upper and lower chaT 
, c a ^ Sam9 concentratlon as tnat used forpretreatment The chambers Were then incubated for 4 hours at 37»C 
lit t ? 2 atm ° S P re " At th9 Snd ° f ,ncuba,i °n Period, the cells were fixed and stained with hematoxylin and 
fiitf 1 ? S "PP^rface (non-invaders) were mechanically removed and the cells on the underside of the 
filter (invader* were counted under 400 x magnification (four random fields were counted per fitter and all experiments 
were nm.ntrip cats .and each triplicate assay was repeated at least three times on separate occasions using dlZm 
VSMC prepara&ons) Chemotaxis was assayed In analogous fashion In the Boyden chambers described above except 
that the reconstituted basement membrane was omitted. 

^vrtroZ'^nni^ K S r y , ,S aCC f P,Sd by 1,1060 SkHl9d in th ° art as exhibitin 9 hi 9 h correlation between invasfceness 
LS s^'ay 38 0CCUrc < lwamot °. Y '. « «■ (1992) Advances In Experimental Medicine & 

[0038] Using the PDGF-BB as an attractant, taxol Inhibited VSMC Invasion with half-maximal Inhibitory concentration 
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omLT^Th essen t|all |ete |nh|bft|on ^ m m m<J ^ 

Eaim^r k U69 ? F ' 9Ur9 1 I Chem ° taX,S a88By ( fiter coated ° n| y ^th fforonectin and collagen I, wrthout 

Sn^SSJrTi" T P ° reS) PDGF " BB 88 thS attrac,ant was P^om,ed in analogous 

ashion y.eld.ng the Idenhcal outcome. These results demonstrate that taxol, at least at nanomolar drug levete inhibits 

Sir T "TIT ' nhlbltl0n ° f ,0 ° 0m0,l0n and/0r Shape rather,han * 'nhlbitlng cfllular s£e«on 

P^X^^ 

2 n "r ^J>9raphy was performed on the supernatants removed after the 4 hour conclusion of the 
non r!n,X y h? ^^•8™""fl proteinases secreted into the media by VSMCs were analyzed by 

WM aeSn 9 ^ 3 s^te-polyacrylamide ge. electrophoresis In 1|0% po^lamlde gels containing 0 1% 
JS 55 titon to, the , 96 'f" 3868 Were renatUred by ' ncubatln 9 * 0 9el for 30 mln. at 23-C in 
TO. HCH^ 7 « Th d ^ 18 T ' nCUbati0n St 37<C in 0 2 M NaCI » 5 mM CaC1 * °- 02% Br « 3 * (w/v), 50 mM 

stafned^aS Ge'atlnolytic actMty was indicated by a cle^r band against the background of S 

SSr^L^ lnaSB T^?** assays f rom the Bo V dsn cna ^er Invasion experiments confirm that the level 
(Rgura 2, inset) ^ ^ 8ignifi ° anMy ° Ver the taX °' rang f 30 P M to 100 nM - c ™P^ d to control 

Example 2 

EI! h .1°. °° rlTlv faC !w5 microtubule stabilization and hyperpolymeriation is the critical and sufficient factor 
oxide Sh c £ T ^invasiveness, the chemoinvasion (Boyden 1 chamber) assay was run with deuteSm 
fZ £SSH 0 ,7 ?• ?, ° X ' de enhanCeS mic ^bule/tubulin polymerization via a mechanism distinct 

Hit t . h it ° r?" 1 ° f iSOt ° Pe 8nd S ° IVent 6ffeCtS ° f deUteriur T oxide revereib| y ^^ases microtubule 
t P uh5 h ? ? V 6dU< ; ,n9 * e CritiCal concentra,lon for Pobrmerizatlon for ap-tubulln heterodlmers via enhanced 
tubul n hydrophobe interactions (Itoh, T.J., et al. (1984) Biochim. Blophvs . kota, 800:21-27), and by converting a 
pop^atron of unpolymenzable tubulin to the polymerizable form (Takahashi, fe^t al. (1984) Cell Struct. Funct 9 

[0042] VSMc-swereisolatedbycollagense/elastaseenzymaticdigestlonoft^emediall^ 

from 6 month old Wlstar rats. The cells were maintained In culture with 10 % fetal calf serum, high glucose DM EM 
and ammo acid supplement. Cell cultures were maintained at 37»C In 5% COja 

[0043] In deuterium oxide-treated cells, 2H 2 0 (v/v) was substrtuted for walef (H 2 0) In the preparation of the DMEM 
from concentrated stock. After 18-hour deuterium oxide pre-treatment In culture cells were fixed in 3.7% to^n 
permeablllzed with 1 % Triton X-100, and polymerized tubulin was labelled with mouse anti-6-tubuiin antLTSS 
62 monoclonal antibody to polymerized 6-tubulin, Paragon Biotec, Inc., Ba^imore. MD). Secondary labelling was 
achieved with silver-enhanced, 1 nm gold^onjugated rabbit anti-mouse antibody (Goldmark Biologlcals. Philllpsburg, 
NJ) Representative light photomicrographs from (A) control, and (B) 75% deuterium oxide treated VSMCs are shown 
in rigur© 5. i 

«nt!UU em0i ? VaSi0n l . aS l ayS W6re P erfomied usi "9 a modif ' e <l Boyden chamber, consisting of an upper chamber 

ton c?rir a °? r ^ 

tor ^CA)werecoated and air dried consecutivery with solutions contalnlnglOOHg/mltypelcollagen.Sngymlflbronectin 
11 it? ^ ons t'tuted basement membrane (produced from the Englebreth-Hblm-Swarm tumor), producing a contin- 
uous 10 urn thick coating of matrix material. Boyden chambers were assembled with PDGF-BB 10 ng/ml in DMEM in 
l e ri°n r ( ° ham ° attractant > chamber . ,nen cells (approximately 200,000) suspended in DMEM containing 0.1% BSA 
were added to the upper chamber. Some of the cells used in these assays w?re preheated 1 8 hours with deuterium 

DMpS % ' V S I: t SUbStitU,i ° n f ° r H * 0) CU,,Ure - ln the deuteri - Ue-treated groups, TsuSuted 
DMEM (wv) was added to the upper and lower chambers at the same concentration as that used for pretreatment 

LVdZ^lT inCUbated , f ° r4 h ° UrS 3t 37 ° C in a humidi,ied 6% <4 ^° a P^re. Atthe conclusion of the 
experiment, the niters were removed and the cells were fixed and stained with! hematoxylin and eosln. After the cells 
on the upper surface of the filter (non-invaders) were mechanically removed! the cells on the underside (invaders) 
t Tptote) X magnmcatlon < four random fle,ds were ~ d P+ and all experiments were run 5 

[0045] Preheating cultured VSMCs for 18 hours with 25%, 50% or 75% deuterium oxide caused dose-dependent 
h hype h r P° , y me , ri2at,on simil . ar, ° obsen.ed with taxol. This treatment likewise inhibited PDGFmediated 
VSMC Boyden chamber Invasion in a dose-dependent fashion, achieving half-maximal inhibition at 25% 2 H ,0 and 
nearly complete inhibition at 75% 2H a O (Figure 3). ' 2 ' and 
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Example 3 



njury, such as PDGF and bFGF, are also implicated in ovogenesis and cellular proliferation To measure the eSect c 

for an addition fju' ^ 0 " h 1 ° % " «•« PHlthymidinewas added and the incubation continued 

In S ^nTnLl h ?o S n r re 4 WaSh9d With P hos Phate-buffered saline, extracted wfth 1 0% TCA for 2 hT 
? N^Sh aw S8 t f 2 * 000 ? f ° r 10 m ' nS ' Su P ematants were decanted and pellets were solubilizedfn 6 ml of 
llmmLTnl "l^S?" 8 ^ °- 5 m ' ° f 1 N HC1 ' I 3 H]thymldine uptake was determined by a Beckman Zd 
of th^ Wilmlirt^n^ h^^^ ^ were treated with the various concentrations of taxol for both the 1 8 hr. prior to tfie^ddrtlon 
of the thymidine and during thymidine Incorporation. Each condition of these experiments was performed I triplSe 
asSn wT h" ted - CU n r t d J SMC '"corporation, an ind»x of cell division Jn aTfe depeSnt 

fashion, wrth a half-max.mal inh,bitory concentration of 5 nM. Taxol caused essentially complete inhibition at 100 nM 
and significant inhibition was resolvable at 1 nM (Figure 1). That this inhtoltory profife differs somewS 
invasion and chemotaxis, demonstrating one log-concentration-unit lower sairvfty but with Z£r conceXion 
dependence £«y^s because of the cons.de^ 

Taxol also Inhibfted PDGF-BB-stimulated c^os mRNA expression in this culjred VSMC modeM a doe d»enint 

ntb'S ml\ tf ;T X, t inhib ?? COnCenfrati0n ° f 1 " M " Wfth — «a,ly icompiete inhib «.on *£™o Z t£ 
ulS in Jr ge ; e i nduction is anotner '"Potent mechanism by which taxol blocks growth factor stim 

ulation in VSMCs, and may underlie, at least in part, the thymidine incorporation results 

E,.^ S ' ta , Xo1 ^"'"cantly Inhibits cultured VSMC in vitro Invasion an(J prolHeration through Interference with 
microtubule function, disrupting locomotion and the abilityto altershape, as wall asgrowth-factorstimulated earlv oene 
expression and cel. proliferation, at concentrations one hundred - to one thousWo.d I^SSKShS 



cancer. 
Example 4 



[0049] Incorporation of the thymidine analog, bromodeoxyuridine (BrDU) w^s measured to determine the effect of 
deutenum oxide on VSMC DNA synthesis. VSMCs . were plated at 4.5 x 10* 5 24-well plates. FoZng 20 hrtcu 
n ell: m rj 8 ??™ * 2h2 ° COncentrations ' 1 0 *™ was 'added and the hSSSSSniSSr 

wS^Il^Sr^ f T sallna (PBS) and fixed wtth 100% methanol (- 

I tiZll L pr? m , TJ n Ubated f ° r 2 hf Wlth 1 N HC1 10 denat * e ,he DNA ' and subsequently washed 

fo T hr A«!r m ° nOC,onal ^ < Boehrtn 9 er Ma ""^im) in 2% BSA-PBS was incubated with cells 

£ JLm D BS * aSh ' 9031 ant, - mouse antibod V conjugated with alkaline phosphatase was added. Cell nuclei 

oM^rJ^TdgZ^ ^ ° M (de "t ed 88 1 00%) and of tha deuteriur " 

Snfhli^VH SU ^ indiC ? d .l ha L deU,eriUm 0Xid0 ' Similart0 taxo1 ' inhibftedicultured VSMC proliferation and DNA 
40 SeraSon ^^P 8 "^ 1 fashfon ' cons,sten, w,th the critica ' Glance of micmtubule-tubuin dynamics in VSMC 

effects on mterotubules^ 

b fl lJ aC ° t r° n T° U bU,e f abilizin9mechafllemofac,ionls ^Ponsiblefor^eobservedfunctionalchanges.Thu S 
« n th ^co„t™ e o ?t 8 h ax P arimen !! Wtth b ° th taX °' and d8Uterium oxide - H is ** microtubules are involved 

ao t ns ' n ^ ^ din,hadavel °P m ent«>'athero S clero S ls and restenosis after arteriallnjury, ma 
particularly strategic targets to Influence the outcome. ; a"«croiuouies 



Example 5 



EL 2 !"5^ P . aPPr ° Ved ty the Nati ° nal ' nSti,Ute ° n A9ing Animal Care and use Committee, 6 month Wistar 
rats from theGRCcoony were anesthetized wlth20mg/kg body weight pentobarbital, 2 mg/kg body weight ketamlne 

a Sv l2K°* ""Jf! ^'ft* 'rP^ 006311 ^ The ,aft oarotid artery was cannulated with 2 French Fog 

arty embolectomy catheter, inflated with saline and passed three times up and down the common caratid artew to 
Z £Z , dB end, "9- d99nd0theli al«ing Injury. The animals were treated with 2 mg/kg body weight taxol solution or 
the control animate with vehicle alone (13.4 ml/kg body weight per day of 1 :2:2:f 65 DMSOrCremophor EL-Deh!drated 
ethanolrphosphate buffered saline) by Intraperitoneal injection beginning 2 hours after .nju* S Vxo. J2JS 
vehicle alonewasadmlnlsteredoncedaliy, as an intraperitoneal lnjectlon,forthe:next4daye Afterll daysthermJs 
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K£E? M ?? and l , 1 ° ve J h,cle ; treated) were a "esthetized as above and the carotid artery was Isolated and fixed In 

IS? 5 . h IT"" emb9dded in Paraffin - Cross sectlons ° f tha ca * a * were mountedo rnicroscope sNdes 
and stained with hematoxylin and eosin stain. The Image of the carotid artery was projected <2 a dE board 

nd cated In the prior art Ferns, G.A.A. et a). (1991) Science, 253:1129-1132) the rat carotid artery injury model* 

ESTc^r™** ? ^ °' hUmSn reSten08iS ' and indicate potentlal thera P a "«o actionTn humans 
[0053] Quantitahve analysis of rnjured carotid segments showed that taxql treatment reduced the neointimal area 

II S T P T t0 r iCl9 treat8d animab " <* P « 0.001; t P =NS; *P < 0.001). S7lE2SS3 

v 2 tl°rl T U fV 0 diSCemab ' e ne ° ,ntlma (ln the Presence of denuded endothelium, proving a! 
vehicle treated animals demonstrated at least modest neointimal thickening i 

[0054] While the In yjyo systemic taxol dose used In these experiments (2 mg/kg) Is significantly lower than that 
ordinarily used to treat human cancers (approximately 3-6 mg/kg), dramatic^ low* sys^oS S su SaS 

r?i bB P0SSlWe C ° mbin,n9 8 Pretreatment re ^ n with S optimal treZ nt du2n 
In J£ n £ 8 Si 90 ! heraPV fe 10 k6eP the " acUVated " VSMCS in ^ eck ' or P refe ^ b| y to Prevent active ton 
celTdaath) th!wi ■ f h S *™ lus ' or 9 rowth and "as resolved (rather than causing cytotoxicity resuming™ 

Sllr^i 9 , S theraPV Wlth " m,ted t0XldtV mav be P° ssib,e ln numans - Ummateiy, local sustained 

cJnSnn ° W bB8t 80lUti ° n t0 PreVSnt r6Sten0SiS P^engioplasty, enabl^g high iocal con- 

ZSELZ 1 7 h 7 and 9SSentially e,iminat ' n9 Pr ° b,emS ° f ^emicltoxlcity. Drug delivery systems that can 
be valuable mclude drug-Impregnated polymer-coated metallic stents, biodegradable drug-eluting polymer stents and 

ZT e ,T hBM Ce " S t0 C08t metal " C Stente ° r be delivered as a 'ocal endoLL cell covering 

(MullerD.W.M.etal.(1991)JACC17:1 2 6b-131b,. These systems allow safe vseo f achemotherapeuticagenTwSoSt 
system* s,de effects. Arternabvety, treatment may involve a period of pretreatment (i.e., before vascular surgery) via 

aSS 8 in S^ i0n 8 Peri ° d " ,,m6 ' f0 " 0Wed ^ 3 differ9nt f ^ **» (l ° Cal ' dta * d9 ^> « 
^ exam P |es teacb tax °l's (or other microtubule-stabilizing agent including, but not limited to water 
soluble derivatives of taxol) potential beneficial uses to prevent artery blockage and thereby reduce the possibility of 
or prevent, heart attacks, strokes, kidney failure and renal dialysis, blindnessj limb amputations, nerve loss, need for 
correct.™ vascular surgery/angioplasty or organ transplantation, and premature and permanent disability requiring 
chronic hospitalization. The invention has been described In detail, but It will be 'understood thatthe Invention is capable 
w*a ! 6 | . embodlments - M is readilv a PP are nt to those skilled in the art, variations and modifications can be 
affected within the spirit and scope of the Invention. Accordingly, the foregoing disclosure and description are for Illus- 
trative purposes only, and do not In any way limit the Invention, which la defined only by the claims. 

TABLE 1 



Group 


Intima (mm 2 ) 


Media (mm 2 ) 


l/M 


Vehicle 
Taxol 


0.09±0.01 

o.o3±o.or 


0.14±0.01 
0,16±0.02* 


0.66±.0B 
0.t8±.04* 

i 



Claims 



1. A drug delivery system comprising a means for locally delivering a microtubule stabilizing agent other than by 
resTenTsfe 8 ° T mfUSl ° n 8 therapeutioallv ef,ective ^ount to teduce or prevent the development of 

2. A drug delivery system according to claim 1 , wherein the means for locally delivering a microtubule stabilizing 
agent comprise polymer-coated metallic stents and polymer stents. 

3 " stems 9 SV8tem aCC ° rding t0 ° laim 2| whercln stenls oomPri® biodegradable drug-eluting polymer 

4 " l!!^^J!SSi^ Where,n sa,d mtero,ubule 6teb,l,z,ng a * 9nt 18 of paclaaxel - a pac| - 

5< F^^^^tt^?" ** manUfaC,Ure ° f 8 PhamaC6 — 1 COmpOSftl0 " f0rtha p— 
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6. The use of claim 5, wherein said water-soluble paclitaxel derivative Is selected from the group consists of a 2'- 
succinyl-paclitexel; 2--succinyl-paclitaxel triethanolamine; 2'glutaryl^aclitaxel; JXSSSSf triel 

5 

7 " Ration ° f ClaimS 5 " 6 Whe,Bin Sa ' d ****** ° 0mpriSe8 thS ?yStemic deliver y of said Pharmaceutical 
» 8 ' pTepa^n*"* ° f C ' aimS 5 *" ? ~" C ° mpris6S *" l0Cal of said Pharmaceutical 
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r 




T**3c (^8,tJ -nft A*^Al«/\_Ap«/' 1-JlMt JAtj^ ft ^f Cu> : 

c*m*M** «*r o>^ c*** ,j ^ j^t-n***** 
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